ABSTRACT Background: The role of dietary calcium intake in cardiovascular disease (CVD), stroke, and fracture is controversial. Most previous reports have evaluated populations with high calcium intake. Objective: We aimed to evaluate whether high dietary calcium intake was associated with the risk of CVD, stroke, and fracture in a population with low calcium intake. Design: In a prospective cohort study beginning in 2001 in AnsungAnsan, Korea, 2158 men and 2153 women aged .50 y were evaluated for all-cause mortality, CVD, stroke, and fractures over a median 9-y follow-up. Both men and women with higher dietary calcium intake tended to have higher fat, protein, sodium, phosphorus, fruit, and vegetable intakes. In men, outcomes were not significantly associated with dietary calcium intake with or without adjustments, and CVD risk tended to increase with increasing energy-adjusted dietary calcium intake, but this was not statistically significant (P = 0.078 and P = 0.093 with and without adjustment, respectively). In women, CVD risk and dietary calcium intake showed a U-shaped association; the HRs (95% CIs) without adjustment relative to the first quartile were 0. 71 (0.47, 1.07), 0.57 (0.36, 0.88), and 0.52 (0.33, 0.83) for quartiles 2, 3, and 4, respectively, and the values after adjustment were 0.70 (0.45, 1.07), 0.51 (0.31, 0.81), and 0.49 (0.29, 0.83) for quartiles 2, 3, and 4, respectively. Conclusion: In Korean women, increased dietary calcium intake was associated with a decreased CVD risk, but it did not influence the risk of stroke or fracture.
INTRODUCTION
Calcium is an essential nutrient for maintaining skeletal mineralization (1) . Hence, adequate dietary calcium intake has been widely recommended to prevent fracture, for example, in osteopenic or osteoporotic patients, and calcium supplements are routinely prescribed to protect bone (1) (2) (3) . Moreover, high calcium intake might protect against ischemic heart disease (4) and stroke (5, 6) . The protective mechanism of calcium intake against cardiovascular disease (CVD) risk may result from improvements in the lipid profile and reduced fat mass (7, 8) and blood pressure (9) . Thus, high calcium intake is considered to be beneficial, and calcium supplementation is recommended by the National Osteroporosis Foundation.
However, in the Women's Health Initiative Calcium and Vitamin D Trial, Hsia et al. (10) reported that calcium supplementation did not have a beneficial role in reducing CVD risk. Furthermore, in the Auckland Calcium Study and 2 metaanalyses, Bolland et al. (11) (12) (13) propounded that taking calcium supplements can increase the risk of CVD. The putative mechanisms for the harmful effect of calcium supplementation include vascular calcification (14) and changes in blood coagulation, which could be related to a transiently elevated serum calcium concentration (15) . On the other hand, several researchers have reported that calcium supplementation is not related to atherosclerosis or vascular calcification (16) . Thus, the association between dietary calcium intake and CVD risk remains controversial (17) .
In addition, some researchers have cast doubt on the role of calcium intake in preventing fracture (18) (19) (20) . Although high calcium intake may improve bone mineral density (21) , it can slow bone turnover and reduce active bone remodeling, thereby reversing the preventive effect (22) .
Most of the abovementioned studies were conducted in Caucasian populations with moderate to high intake of dietary calcium, especially compared with that of the Korean population. While the mean daily dietary calcium intake in Caucasians was 822-861 mg/d (11, 23) , the mean calcium intake in Koreans was only 490 mg/d (24) . In the Swedish Mammography Cohort study, the risk of CVD-related mortality was lowest among participants with a daily calcium intake of 600-1400 mg/d (7) . To our knowledge, only a few studies regarding the association between dietary calcium intake and CVD, stroke, and fractures have been conducted to date using a population with low calcium intake.
Therefore, using a Korean community-based prospective cohort study, we aimed to evaluate whether dietary calcium intake was associated with the risk of CVD events, strokes, and fractures in a population with low calcium intake.
METHODS

Study population
This study was based on data obtained from the Ansung-Ansan cohort study, which is an ongoing prospective study that began in 2001 and is supported by the National Genome Research Institute of the Korea CDC (Cheongju, Korea). The study is a part of the Korean Genome Epidemiology Study, a large, community-based epidemiologic survey that consists of a population-based sample of Korean men and women aged 40-69 y. Participants were recruited from among residents of Ansung and Ansan who lived in the survey area for $6 mo before enrollment. According to the 2000 census, Ansung is a rural community with 132,906 residents, and Ansan is an urban city with 554,998 residents. Detailed information on the selection criteria and sampling plan for the cohort study has been published previously (25, 26) . This study protocol was approved by the Korea CDC Institutional Review Board.
A total of 10,038 participants-5018 from Ansung and 5020 from Ansan-completed a baseline examination in 2001 and were surveyed biennially until 2014. For the analysis, we excluded 407 participants who had not completed a food-frequency questionnaire (FFQ) at baseline, 269 participants who were taking calcium supplements, 4546 participants aged ,50 y at baseline, 182 participants who were diagnosed with CVD or stroke at baseline, 38 participants who had no data for BMI or amount of exercise, and 285 premenopausal women. These exclusions left 2158 men and 2153 women eligible for analysis, as described in Figure 1 .
Health questionnaires and measurements of anthropometric parameters
Diet during the 12 mo before baseline was assessed with a semiquantitative, 103-item FFQ that was developed and validated for the Korean Genome Epidemiology Study (27, 28) . The questionnaire included 103 items involving food and 9 categories for intake frequency, with responses ranging from "never" to "3 times a day." Photographs of serving sizes for each item were shown to the participants. Total energy and nutrient intakes were calculated based on the seventh edition of the Food Composition Tables of the Korean Nutrition Society (29) .
Data on lifestyle and sociodemographic factors, including age, sex, FFQ, history of diabetes and hypertension, drinking and smoking status, physical activity (PA), hormone replacement therapy, and menopause, were obtained through face-to-face or telephone interviews. Former smokers were defined as those who had smoked .5 packs of cigarettes during their lifetime or quit smoking $6 mo before baseline. Former drinkers were defined as those who consumed ,5 g ethanol/d or quit $6 mo before baseline. PA was determined by asking participants how often they exercised each week through the Korean version of the International Physical Activity Questionnaire. By using the compendium published by Ainsworth et Height and body weight were measured by trained staff using standard methods with a scale and a wall-mounted extensometer while the participants were wearing lightweight clothes. BMI was calculated as the weight (kilograms) divided by the square of height (in meters).
Incident fracture, CVD, and stroke
Data on fracture, CVD, and stroke at baseline were obtained through biennial interviews. A fracture event was defined as any fracture reported during the follow-up period. A CVD event was defined as a self-reported diagnosis of acute myocardial infarction, coronary bypass surgery, coronary angioplasty, insertion of a coronary stent, or angina pectoris. A stroke event was defined as a self-reported diagnosis of acute stroke or transient ischemic attack. All deaths were reported by the participants' families.
Statistical analysis
Dietary calcium intake was adjusted with the residual method for total energy intake described by Willett et al. (31) and was divided into quartiles. By assigning median calcium values for each quartile, we used a pseudo-continuous variable to test for trend. Baseline characteristics were stratified based on energyadjusted calcium intake quartiles. Depending on the distribution, continuous parameters are presented as means 6 SDs, and categorical data are presented as numbers (proportions). Comparisons across dietary calcium intake quartiles were analyzed using ANOVA for continuous variables with a Bonferroni post hoc analysis, and the chi-square test with the linear-by-linear test was used for categorical variables.
Cox proportional hazard regression models were used to calculate the HRs and 95% CIs of all-cause mortality, CVD, stroke, and fracture events. Survival time was calculated as the time from study entry until death or 31 December 2014, whichever came first. Multivariate HRs were adjusted for age, BMI, protein and sodium intake, fruit and vegetable intake, diabetes, hypertension, drinking and smoking status, PA, and, in women, hormone replacement therapy. A P value ,0.05 was considered to be significant. Statistical analyses were performed using the STATA 14.0 statistical package (StataCorp). /d) , respectively, for women. Participants with higher dietary calcium intake tended to be younger and have higher fat, protein, sodium, phosphorus, fruit, and vegetable intakes. The prevalence of diabetes and hypertension, and drinking and smoking status, were not significantly different across the quartiles of dietary calcium intake for either sex. In addition, participants with higher dietary calcium intake were less physically active (Tables 1 and 2) .
Cox proportional hazards regression analyses were performed to assess all-cause mortality, CVD, stroke, and fracture risk according to dietary calcium intake. Covariates were age, BMI, protein and sodium intake, fruit and vegetable intake, diabetes, hypertension, drinking and smoking status, PA, and, in women, hormone replacement therapy. In men, 242 deaths, 149 CVD events, 58 stroke events, and 211 incident fractures occurred during a mean follow-up duration of 8.9 y. In women, 100 deaths, 150 CVD events, 82 stroke events, and 292 incident fractures occurred during a mean follow-up duration of 9.2 y.
Mortality rates were 13.6, 9.5, 12.7, and 11.1, respectively, per 1000 person-years in each calcium intake quartile in men and 5.6, 5.2, 3.6, and 4.8, respectively, per 1000 person-years in women ( Table 3 ). All-cause mortality was not significantly different across quartiles of energy-adjusted calcium intake before and after adjustment for covariates in either sex.
CVD events were only related to energy-adjusted calcium intake in women (Figure 2) . In men, without adjustment, the HRs (95% CIs) relative to the lowest quartile of energy-adjusted calcium intake were 1.72 (0.
Stroke events were not associated with energy-adjusted calcium intake quartiles in either sex. In men, without adjustment, Incident fracture events were not associated with energyadjusted calcium intake quartiles in either sex. In men, without adjustment, the HRs (95% CIs) relative to the lowest quartile of energy-adjusted calcium intake were 0.94 (0.64, 1.37), 1.09 (0.75, 1.58), and 0.91 (0.62, 1.34) for quartiles 2, 3, and 4, respectively. In women, without adjustments, the values were 1.13 (0.82, 1.56), 1.22 (0.89, 1.67), and 0.96 (0.68, 1.34) for quartiles 2, 3, and 4, respectively. In men, after adjustments, HRs (95% CIs) relative to the lowest quartile were 0.94 (0.63, 1.39), 1.09 (0.73, 1.62), and 0.90 (0.58, 1.41) for quartiles 2, 3, and 4, respectively. In women, after adjustments, they were 1.25 (0.90, 1.75), 1.33 (0.95, 1.85), and 1.13 (0.78, 1.64) for quartiles 2, 3, and 4, respectively (Figure 2A, B) .
To determine whether an optimal threshold for calcium (milligrams per day) was evident in the association between dietary calcium intake and CVD, stroke, and fracture risks, we compared the HRs for high calcium intake with those with low calcium intake as a reference, corresponding to each milligram of calcium intake (Supplemental Figure 1) . The graph of HRs showed a U-shaped association between dietary calcium intake and the risk of CVD for women, with 389.8 mg dietary calcium intake the threshold intake level. A threshold was identified in relation to CVD risk in women, but not in men; no threshold was identified for the risk of stroke or fractures.
DISCUSSION
In this community-based, prospective cohort study, we found that higher dietary calcium intake in women was associated with reduced CVD risk after adjusting for age, BMI, protein and sodium intake, fruit and vegetable intake, diabetes, hypertension, drinking and smoking status, PA, and hormone replacement therapy. However, the risks for all-cause mortality, stroke, and fracture were not significantly associated with dietary calcium intake in women. In men, we found no significant relation between dietary calcium intake and all-cause mortality, CVD, stroke, or fracture risks.
Similar to our findings, previous studies showed that higher dietary calcium intake is associated with decreased risk of CVD (4, 32) . On the other hand, Bolland et al. (12) reported that calcium supplementation significantly increased the risk of myocardial infarction. This inconsistency may be due to transient hypercalcemia caused by calcium supplements (14) , which is less prominent after dietary calcium intake (33) . This could be explained by the slower transit of dietary calcium through the gastrointestinal tract, as a result of the large amounts of fat and protein, when compared with supplements. Another possible explanation is the difference in the mean calcium intakes across studies. Studies showing a protective effect of dietary calcium against CVD reported mean dietary calcium intakes of 742 and 784 mg/d (4, 32) . By contrast, the study reporting increased mortality with calcium supplementation reported a mean intake of 837 mg/d (12), which could be much higher after supplementation with 500-1000 mg Ca. The different mean calcium intake in each study population might be explained by the U-shaped association between CVD risk and calcium intake; decreased risk at a calcium intake of 389 mg/d was observed in our study. One study reported that the mortality rate decreased at calcium intake concentrations of 600-1400 mg/d and increased at .1400 mg/d (7) . Considering that the mean dietary calcium intake was only 431 mg/d in this study, adequate, but not excessive, intake of dietary calcium could be associated with a reduced risk of CVD (17) . An unanticipated finding was that in men, CVD risk tended to increase with increasing dietary calcium, although this result lacked statistical power. This discrepancy could be attributed to differences in the remaining CVD risk factors between sexes. In general, women tend to have a lower risk of CVD than do men (34) . Moreover, considering that the calcium intake of 389 mg/d was associated with the lowest risk of CVD in women in this study, calcium intake in men may exceed the lowest value for CVD risk (Supplemental Figure 1) . Studies regarding the relation between dietary calcium intake and risk of stroke are also inconclusive. Some studies have reported that high dietary calcium intake was associated with a decreased risk of stroke (5, 6, 35) , one study reported an increased risk (36) , whereas others reported no association (37, 38) . Ascherio et al. (38) examined the relation between dietary calcium intake and stroke with a mean calcium intake of 800 mg/d over an 8-y follow-up. In this study, calcium intake was not significantly associated with stroke; the HR for total stroke for the highest compared with the lowest quintile of FIGURE 2 HRs of incident cardiovascular disease, stroke, and fractures across quartiles of energy-adjusted dietary calcium intake. Multivariate HRs were adjusted for age, BMI, protein and sodium intake, fruit and vegetable intake, diabetes, hypertension, drinking and smoking status, and physical activity in men (A); in women, HRs were adjusted for these same variables plus for hormone replacement therapy (B). Median values of energy-adjusted dietary calcium intake of each quartile are presented. Cox proportional hazard regression models were used.
dietary calcium was 0.83 (95% CI: 0.59, 1.17). In another study, mean diary calcium intake of 449 mg/d for men and 462 mg/d for women was associated with decreased stroke-related mortality (6) .
Mechanisms regarding the association between dietary calcium intake and risk of CVD or stroke are not clear. The beneficial effect of calcium was associated with lower blood pressure (9) , less fat mass, and an improved lipid profile (8) . Calcium supplementation could acutely increase blood pressure, as Bristow et al. (39) reported, whereas the long-term effect of calcium intake may decrease blood pressure (9) , which could mimic dietary calcium intake. A meta-analysis reported that long-term calcium supplementation reduced systolic blood pressure by 2.63 mm Hg (95% CI: 24.03, 21.24 mm Hg) and diastolic blood pressure by 1.30 mm Hg (95% CI: 22.13, 20.47 mm Hg) in participants with a relatively low dietary calcium intake (9) . These findings support a protective effect of calcium against CVD risk, possibly due to a beneficial effect on blood pressure. Moreover, the effect may be more prominent in a population with a relatively low calcium intake, such as the Korean population.
The association between dietary calcium intake and fractures has also been inconsistent. Khan et al. (32) recently reported that dietary calcium intake #1348 mg/d was associated with a decreased fracture risk. Conversely, our study did not show any significant association. The discrepant results might be the result of different ethnicities, ages (mean 55 y, compared with 60 y in the study by Kahn et al.), or the relatively short follow-up period in our study (median 9.0 y, compared with 13.3 y in the study by Khan et al.) . Also, in the previous report, several baseline characteristics such as BMI, smoking and alcohol status, PA, dietary intakes, and vitamin supplements were different between the groups with low and high calcium intake, not just dietary calcium (32) . In line with our result, another cohort study showed that the high intake of dietary calcium did not reduce the risk of fracture (18) . High calcium intake may slow bone turnover and reduce active bone remodeling, effectively canceling any preventive effect (22) .
This study has several strengths. One is that we analyzed a subgroup from the Ansung-Ansan cohort study, which uses a large, community-based, prospective design and includes a longterm follow-up, with solid information concerning potential confounding factors. Compared with previous studies reporting relations between dietary calcium intake and CVD, stroke, and fracture risk in the same study, the number of participants in this study was largest and could represent a population with low calcium intake. Second, qualified interviewers evaluated nutrient intakes with questionnaires, and the results were calculated by nutritionists. Also, we used an FFQ that was developed and validated for the Korean population (28) . These questionnaires can reflect daily food intake habits better than intervention studies can, that the effect of food intake could be manifested after a sufficient duration. Third, we used the energy-adjusted dietary calcium intake to control for total energy intake, and we also adjusted the model for important covariates such as nutrients other than calcium, smoking, PA, and comorbidities. Fourth, we excluded participants taking calcium supplementation from the final analysis in order to assess the sole effect of dietary calcium intake.
This study also has potential limitations. First, some inaccuracies in the data may exist because the CVD, stroke, and fracture events are based on self-report. In addition, because the study was based on questionnaires, recall bias may have occurred because the questionnaire responses were dependent on the participants' memories. Second, although we included known confounding factors, concern still exists regarding residual confounding factors such as family history, other nutrients, and time-dependent factors. Third, dietary calcium intake was measured only at baseline; therefore individual variations in calcium intake and diet during the follow-up period cannot be considered. Fourth, our results might not apply to different ethnicities or populations with high calcium intake because we included only a Korean population with a low calcium intake. Fifth, no data were available regarding other variables such as parathyroid hormone, bone turnover markers, and serum calcium and phosphorus, and these could explain the potential mechanisms of the effect of calcium on CVD, stroke, or fracture. Sixth, the results cannot be completely generalized because we excluded participants who were taking supplements, as we were unable to obtain data relating to the amount, duration, or type of supplement taken. Furthermore, we could not identify whether fracture events were dependent on fragility. Instead, we restricted our study subjects to those older than 50 y to minimize the effect of traumatic fractures.
In conclusion, high daily dietary calcium intake was associated with a decreased risk of CVD, but not stroke or fracture, in Korean women. In men, dietary calcium intake was not associated with CVD, stroke, or fracture risks. Based on these data, the association between high calcium intake and CVD risk needs to be assessed further in additional prospective studies.
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